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SPECIFICATION 



DIGITAL PHASE LOCKED LOOP CIRCUIT 

TECHNICAL FIELD 

The present invention relates to a digital phase locked loop 
circuit which is particularly suitable for generating sampling 
clock signals for sampling reproduced information obtained from 
the read heads of a magnetic tape apparatus. 

BACKG R OUND ART 

When reproducing information recorded on a recording medium 
such as an optical disk, optical-magnetic disk, magnetic disk, 
or magnetic tape, it is necessary to generate sampling clock 
signals synchronized with the pulse train which is the reproduced 
information obtained from the read heads. 

Phase locked loop circuits are widely used to generate this 
type of sampling clock signals. Phase locked loop circuits may 
be analog circuits or digital circuits. The digital circuits 
include partially digital circuits which partly include analog 
components such as oscillator portions, and completely digital 
circuits which do not include any analog components. 

Of these phase locked loop circuits, the completely digital 
phase locked loop circuits have the advantages that they can be 
integrated to a very high degree and do not require various types 
of adjustments. An example of such a phase locked loop circuit 
is disclosed in U.S. Patent No. 5,442,315. 
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However, various problems occur with this type of 
conventional digital phase locked loop circuit, especially when 
employed in the playback circuit of a magnetic tape apparatus. 

In a magnetic tape apparatus, for example, a phenomenon 
called "drop out" occurs wherein reproduced information is not 
attained. This is caused by defects in the magnetic tape medium 
itself, or the adhesion of dust or dirt to the magnetic heads. 
When drop out occurs, the phase locked loop circuit slips from 
a state where the input frequency and phase to be locked are normal 
and drops out of lock. A conventional phase locked loop circuit 
does not have a function of detecting this dropping from lock 
for each channel. Moreover, after the loop drops out of lock 
because of drop out, even if normal reproduced information is 
input, the mobile frequency cannot be easily synchronized 
because the mobile frequency slips with respect to input and the 
time to recover the locked state is long. 

Also, in a magnetic tape apparatus, the magnetic tape 
travels while in contact with the magnetic heads and therefore 
the traveling speed of the magnetic tape varies because of 
variations in the frictional resistance between the magnetic 
tape and magnetic head due to the capacity of the traveling motor, 
variations in the exciting current of the traveling motor, 
variations in tape tension, or the adhesion of dust and dirt. 
Such variations in the traveling speed are especially large in 
comparison to the variations in rotation speed of different types 
of disks. 

Variations in traveling speed occur in the same way during 
writing and reading, but may also occur in mutually opposite 



directions. In this case, the result is that the traveling speed 
during writing and the traveling speed during reading vary to 
extremes and the phase locked loop circuit may not be able to 
track the variations. 

Consequently, while performing reading at the same time as 
writing, it is necessary to monitor variations in traveling speed 
continually and when the traveling speed varies in excess of a 
prescribed range, to execute a process to rewind the magnetic 
tape once and perform writing once more. However, a conventional 
digital phase locked loop circuit does not have a function for 
monitoring variations in the traveling speed of the recording 
medium. 

DISCLOSURE OF THE INVENTION 

It is, therefore, an object of the present invention to 
provide a digital phase locked loop circuit that can detect lock 
slippage promptly for each channel. 

Another object of the present invention is to provide a 
digital phase locked loop circuit that can monitor the playback 
speed of reproduced information continually. 

According to a first aspect of the present invention, there 
is provided a digital phase locked loop circuit for generating 
sampling clock signals used with respect to a plurality of 
channels for sampling reproduced information simultaneously 
from a plurality of tracks of a recording medium, comprising an 
average frequency computing circuit for calculating an average 
frequency of the phase locked sampling clock signals in selected 
channels and feeding back the calculated average to the phase 



locked loop, wherein the average frequency computing circuit 
outputs a frequency error signal with respect to any channel in 
which the frequency of the sampling clock signals is outside an 
allowable frequency range. 

Preferably, the average frequency computing circuit 
comprises a comparator for comparing the frequency of the 
sampling clock signals in each channel with the ' allowable 
frequency range and for outputting a frequency error signal for 
any channel in which the frequency of the sampling clock signals 
is outside an allowable frequency range. 

Preferably, the average frequency computing circuit 
calculates the average frequency of the sampling clock signals 
in the selected channels which do not include those channels in 
which the frequency of the sampling clock signals is outside the 
allowable frequency range. 

Preferably, the digital phase locked loop circuit further 
comprises a register for adjustably setting a value 
representative of an allowable deviation. In this case, the 
allowable frequency range is determined on the basis of the 
average frequency calculated by the average frequency computing 
circuit and the set value from the register. 

Preferably, the digital phase locked loop circuit further 
comprises a gate circuit for masking the frequency error signal 
in an operational mode other than a tracking mode. 

Preferably, the average frequency computing circuit 
divides the plurality of channels into a plurality of groups each 
of which includes at least two channels. In this case, the 
frequencies of the sampling clock signals for the plurality of 



channels are summed repetitively and cumulatively group by group 
for calculating the average frenquency. 

Preferably, the average frequency computing circuit is 
reset in a calibration mode for performing calibration of the 
frequencies to be phase locked. 

Preferably, the average frequency computing circuit 
includes a holding circuit for holding the average frequency 
which has been obtained immediately previously when all of the 
channels are in an operational mode other than a tracking mode. 

Preferably, when the average frequency computing circuit 
outputs a frequency error signal for any channel, 
resynchronization of the sampling clock signals is performed 
only for the erring channel. 

Preferably, the resynchronization of the sampling clock 
signals is performed at high speed in a lead-in mode by using 
the average frequency calculated by the average frequency 
computing circuit. 

According to a second aspect of the present invention, there 
is provided a digital phase locked loop circuit for generating 
sampling clock signals used with respect to a plurality of 
channels for sampling reproduced information simultaneously 
from a plurality of tracks of a recording medium, comprising an 
average frequency computing circuit for calculating an average 
frequency of the phase locked sampling clock signals in selected 
channels and feeding back the calculated average to the phase 
locked loop, wherein the average frequency computing circuit 
comprises a speed variation detecting circuit for determining 



a rate of variation of the average frequency in a predetermined 
time . 

Preferably, the rate variation detecting circuit includes 
a comparator for comparing a variation width, in the 
predetermined time, of the average frequency determined by the 
average frequency computing circuit with an allowable variation 
range and for outputting a speed error signal if the' variation 
width is outside the allowable variation range. 

Preferably, the speed variation detecting circuit is 
capable of adjustably setting the predetermined time. 

The various features and advantages of the present 
invention will be apparent on the basis of the embodiments given 
below with reference the attached drawings. 

BRIEF DESCRIPTIO N OF THE DRAWING 

Figure 1 is a circuit block diagram of a digital phase locked 
loop circuit according to an embodiment of the present invention. 

Figure 2 is a circuit block diagram of a GAC circuit 
incorporated in the digital phase locked loop circuit shown in 
Figure 1. 

Figure 3 is a timing chart for illustrating the 
resynchronization operation performed by the digital phase 
locked loop circuit shown in Figure 1. 

Figure 4 is a circuit block diagram of the tape speed 
variation detecting circuit provided for the GAC circuit shown 
in Figure 2 . 



Figure 5A through Figure 5D are timing charts for 
illustrating the sampling operation of the tape speed variation 
detecting circuit shown in Figure 4. 

BEST MODE FOR CARRYING OUT THE INVENTION 

An embodiment of the present invention is explained below 
on the basis of Figures 1 through 5. 

As shown in Figure 1, the digital phase locked loop circuit 
according to the embodiment of the present invention includes 
eight DTG (digital time generation) circuits l^lg, eight BSADPLL 
(bit stream asynchronous digital phase locked loop) circuits 2 X 
through 2 8 , eight DRU (data recovery unit) circuits 3^38, one 
GAC (global average clock) circuit 4, one interface circuit 5, 
one register file 6, and one frequency halving circuit 7. 

This digital phase locked loop circuit is a phase locked 
loop circuit that is completely digital and is used to generate 
sampling clock signals for sampling reproduced information 
obtained from the read heads of a magnetic tape apparatus. The 
magnetic tape has 12 8 tracks, and the magnetic heads are designed 
to read 16 tracks simultaneously. Specifically, 16 groups of 
magnetic heads are provided, and each group comprises a total 
of four magnetic heads which include a write head and a read head 
for reading and writing one track in the forward direction as 
well as a write head and a read head for reading and writing one 
track in the reverse direction. 

The circuit shown in Figure 1 is incorporated in one IC 
(integrated circuit) chip and is designed to process 16 channels 



of reproduced information with two IC chips. 16 channels of 
reproduced information may be processed with only one IC chip. 
The DTG circuits l^lg output relative position signals and 
PKPLS detection signals to the BSADPLL circuits 2 1 ~2 S with the 
5 input of these signals PKPLS1-PKPLS8 . The signals PKPLS1-PKPLS8 
are signals that become high level when the playback pulse 
obtained from the read head is "1" . Each of the relative position 
signals is a signal including six bits of binary data indicating 
the respective position of the signals PKPLS1 through PKPLS 8 
10 relative to the standard clock signal 1XCLOCK. 

With the input of the relative position signals and PKPLS 
detection signals from the DTG circuits 1,-lg and the signal GAG 
corresponding to the average frequency value from the GAC circuit 
4, the BSADPLL circuits 2 X ~2 Q output an input phase estimation 
15 signal corresponding to the phase of the signals PKPLS 1 ~ PKPLS 8 
and a DPLL phase integrator output phase signal to the DRU 
circuits 3 L ~3 8 , while outputting signals PLLf reql-PLLf req8 to the 
GAC circuit 4. The signals PLLf reql-PLLf req8 correspond to the 
frequencies of the signals PKPLS1-PKPLS8 and are 15 bits of data 
20 including a sign bit. The signals PLLf reql— PLLf req8 are 
established so that their values become 0 when the frequency in 
the phase locked state corresponding to the frequencies of the 
signals PKPLS 1- PKPLS 8 are equal to the standard clock signal 
1XCLOCK . 

25 With the input of the input phase estimation signals and 

the PLL phase integrator output phase signals from the BSADPLL 
circuits 2^2 Qf the DRU circuits 3 L ~3 8 output the signals PDATA 
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1-PDATA 8 corresponding to the reproduced information and the 
sampling clock signals PCLK1-PCLK8 thereof. 

With the input of the signals PLLf reql-PLLf req 8 from the 
BSADPLL circuits 2 1 -2 8 , the GAC circuit 4 detects the average 
frequency of the signals PKPLS1-PKPLS8 for eight channels and 
outputs the signal GAC. The GAC circuit 4 also outputs the speed 
error signals SPCHNG when the variation band of the signal GAC 
exceeds the allowable range within the prescribed time period. 

The interface circuit 5 controls communication between the 
digital phase locked loop circuit and the external circuits. 

The register file 6 includes a plurality of registers for 
holding various types of set values supplied from a CPU (central 
processing unit) , not shown. 

The frequency halving circuit 7 divides the clock signal 
2XCL0CK in half and generates the standard clock signal 1XCL0CK. 

As shown in Figure 2, the GAC circuit 4 includes eight 
comparators ll r ll 8 , six adders 12^12 6 , eight registers 13^133, 
a circuit 14 for determining the number of input channels 
(hereafter referred to as " input-channels -number determining 
circuit") , a GAC generating circuit 15, a frequency error value 
setting circuit 16, a gate circuit 17, eight AND circuits 18^188, 
and an OR circuit 19 . Note that the tape speed variation detecting 
circuit is not shown in Figure 2. 

The input -channels -number determining circuit 14 includes 
an adder 21, seven AND circuits 22 1 ~22 7 , two OR circuits 23, and 
23 2 , and an inverter 24. 

The GAC generating circuit 15 includes a register 26. 
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The comparators ll^llg compare, for each channel, the 
signals PLLf reql-PLLf req8 from the BSADPLL circuits 2 1 -2 8 with 
the maximum allowable frequency value and the minimum allowable 
frequency value from the frequency error value setting circuit 
16 . If the signals PLLf reql-PLLf req8 are not within the allowable 
frequency range, the comparators output a high level signal to 
the gate circuit 17 and the AND circuits 18^184. The comparators 
11 L , 11 2 output the signals PLLfreql and PLLfreq2 to the adder 
12 x . The comparators 11 3 , 11 4 output the signals PLLfreq3 and 
PLLfreq4 to the adder 12 2 . The comparators 11 5 , 11 6 output the 
signals PLLfreqS and PLLfreqS to the adder 12 3 . The comparators 
11 7/ 11 8 output the signals PLLfreq7 and PLLfreq8 to the adder 
12 4 . 

The adder 12 1 adds the signals PLLfreql and PLLfreq2 from 
the comparators 11 2 and outputs the sum to the AND circuit 

18 5 . The adder 12 2 adds the signals PLLfreq3 and PLLfreq4 from 
the comparators 11 3 , 11 4 and outputs the sum to the AND circuit 

18 6 . The adder 12 3 adds the signals PLLfreqS and PLLfreqS from 
the comparators 11 5 , 11 6 and outputs the sum results to the AND 
circuit 18 7 . The adder 12 4 adds the signals PLLfreq7 and PLLfreq8 
from the comparators 11 7 , 11 8 and outputs the sum to the AND circuit 
18 8 . 

The adder 12 5 adds data contained the register 13 2 and data 
contained in the register 13 4 and outputs the sum to the AND 
circuit 22 6 of the input -channels -number determining circuit 14. 
The adder 12 6 adds data contained the register 13 6 and data 
contained in the register 13 8 , and outputs the sum to the AND 
circuit 22 7 of the input -channels -number determining circuit 14. 
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Each of the registers 13 x , 13 3 , 13 5 , and 13 7 is a one-bit 
register for storing the output of the AND circuits 183-184, 
respectively . 

Each of the registers 13 2 , 13 4 , 13 6 , and 13 8 is a 16-bit 
5 register for storing the output of the AND circuits 18 5 ~18 8 , 
respectively. 

The input-channels-number determining circuit 14 supplies 
the GAC generating circuit 15 with information for computing the 
average frequency signal GAC. 
10 The GAC generating circuit 15 computes the signal GAC on 

the basis of the information from the input-channels -number 
determining circuit 14 and outputs the result to the frequency 
error value setting circuit 16 and the BSADPLL circuits 2^23. 
The GAC generating circuit 15 becomes effective when the signal 
15 GAC EN from the register file 6 is at high level, and outputs all 
zeros when the signal GAC EN is low level. 

On the basis of the signal GAC from the GAC generating 
circuit 15 and the 13 -bit setting data from the register file 
6, the frequency error value setting circuit 16 calculates the 
20 maximum allowable frequency value and the minimum allowable 
frequency value and outputs them to the comparators ll^llg. 

When the signal GAC EN from the register file 6 is at high 
level, the gate circuit 17 outputs a frequency error signal 
PLLERR1-8 from the comparators ll r ll 8 ° f the corresponding 
25 channel if one or more of the signals PHOKl ~ PHOK 8 generated on 
the basis of the signal TMSNS is at high level. The signal TMSNS 
and the signals PHOK1 through PHOK8 are discussed in detail below. 
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The AND gate 18 1 outputs a high level signal to the AND gate 
18 5 and the register 13 1 when the frequency error signal from the 
comparator 11 1 and the frequency error signal from the comparator 
11 2 are both at high level. 

The AND gate 18 2 outputs a high level signal to the AND gate 
18 5 and the register 13 3 when the frequency error signal from the 
comparator 11 3 and the frequency error signal from the comparator 
11 4 are both at high level. 

The AND gate 18 3 outputs a high level signal to the AND gate 

18 7 and the register 13 5 when the frequency error signal from the 
comparator 11 5 and the frequency error signal from the comparator 
11 6 are both at high level. 

The AND gate 18 4 outputs a high level signal to the AND gate 

18 8 and the register 13 7 when the frequency error signal from the 
comparator 11 7 and the frequency error signal from the comparator 
11 8 are both at high level. 

The AND gate 18 5 includes 16 AND elements and outputs the 
16-bit sum from the adder 12 x to the register 13 2 when a high level 
signal is input from the AND circuit 18 x . 

The AND gate 18 6 includes 16 AND elements and outputs the 
16 -bit sum from the adder 12 2 to the register 13 4 when a high level 
signal is input from the AND circuit 18 2 . 

The AND gate 18 7 includes 16 AND elements and outputs the 
16-bit summation from the adder 12 3 to the register 13 6 when a 
high level signal is input from the AND circuit 18 3 . 

The AND gate 18 8 includes 16 AND elements and outputs the 
16-bit summation from the adder 12 4 to the register 13 8 when a 
high level signal is input from the AND circuit 18 4 . 
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The OR circuit 19 outputs a high level signal to the register 
2 6 of the GAC generating circuit 15 when one or more of the signals 
PH0K1-PH0K8 is at high level. 

The adder 21 generates signals C0NT1 and C0NT2 for output 
to the AND circuit 22 3 and the GAC generating circuit 15 by summing 
the one-hit data stored in the registers 13 x , 13 3 , 13 5 , and 13 7 
respectively. 

The AND circuit 22 x outputs a high level signal to the AND 
circuit 22 4 when the contents of the registers 13! and the contents 
of the register 13 3 are both at high level. 

The AND circuit 22 2 outputs a high level signal to the AND 
circuit 22 5 when the contents of the registers 13 5 and the contents 
of the register 13 7 are both at high level. 

The AND circuit 22 3 outputs a high level signal to the AND 
circuits 22 4 and 22 5 and the inverter 24 when both signals C0NT1 
and C0NT2 from the adder 21 are at high level. 

The AND circuit 22 4 outputs high level signal to the OR 
circuit 23 x when the signals from the AND circuits 22 x and 22 3 
are both at high level. 

The AND circuit 22 5 outputs a high level signal to the OR 
circuit 23 2 when the signals from the AND circuits 22 2 and 22 3 
are both at high level. 

The AND circuit 22 6 includes 17 AND elements and outputs 
the 17 -bit sum from the adder 12 5 to the GAC generating circuit 
15 when the signal from the OR circuit 23 L is at high level. 

The AND circuit 22 7 includes 17 AND elements and outputs 
the 17 -bit sum from the adder 12 6 to the GAC generating circuit 
15 when the signal from the OR circuit 23 2 is high level. 
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The OR circuit outputs a high level signal to the AND 
circuit 22 6 when at least one of the signals from the AND circuit 

22 4 and the inverter 24 is at high level. 

The OR circuit 23 2 outputs a high level signal to the AND 
circuit 22 7 when at least one of the signals from the AND circuit 

22 5 and the inverter 24 is at high level. 

The inverter 24 inverts the signal from the AND circuit 22 3 
for output to the OR circuits 23 x and 23 2 . 

The register 2 6 operates when the signal from the OR circuit 
19 is at high level while maintaining its contents without 
alteration when the signal from the OR circuit 19 is at low level . 
Further, the register 26 is reset when the signal CALIBRATE for 
calibrating the frequency to be phase- locked becomes high level. 

Each circuit in Figure 2 operates in synchronization with 
the standard clock signal 1XCL0CK. The signals PLLf reql-PLLf req8 
input to the comparators ll r ll 8 of each channel are compared with 
the maximum allowable frequency value and minimum allowable 
frequency value from the frequency error value setting circuit 
16. 

Assuming that the value of the GAC signal is A and that the 
set value supplied to the frequency error value setting circuit 
16 from the register file 6 is B, the maximum allowable frequency 
value is A + B, whereas the minimum allowable frequency value 
is A-B. 

When the signals PLLf reql-PLLf req8 are within the allowable 
frequency range between the maximum allowable frequency value 
and the minimum allowable frequency value, a high level signal 



14 



is output respectively from the comparators ll^llg to the AND 
circuits 18 1 ~18 4 . 

Specifically, a high level signal is output from the 
comparators 1^ and 11 2 to the AND circuit 18 1 . A high level signal 
5 is output from the comparators 11 3 and 11 4 to the AND circuit 18 2 . 
A high level signal is output from the comparators 11 5 and 11 6 
to the AND circuit 18 3 . A high level signal is output from the 
comparators 11 7 and ll a to the AND circuit 18 4 . 

Consequently, in the case where both the signals PLLfreql 
10 and PLLfreq2 are within the allowable frequency range, a high 
"SJ level signal is output from the AND circuit 1S 1 to the AND circuit 

?p 18 5 and the register 13 x . In the case where both the signals 

PLLfreq3 and PLLfreq4 are within the allowable frequency range, 
a high level signal is output from the AND circuit 18 2 to the 
JL 15 AND circuit 18 6 and the register 13 3 . In the case where both the 

:f! signals PLLfreqS and PLLf req6 are within the allowable frequency 

i y 

y range, a high level signal is output from the AND circuit 18 3 

to the AND circuit 18 7 and the register 13 5 . In the case where 
both the signals PLLf req7 and PLLfreq8 are within the allowable 
20 frequency range, a high level signal is output from the AND 
circuit 18 4 to the AND circuit 18 8 and the register 13 7 . 

On the other hand, the signals PLLf reql-PLLf req8 input to 
the comparators ll^llg of each channel are also output to the 
adders 12 1 -12 4 . 

25 Specifically, the signals PLLfreql and PLLfreq2 input to 

the comparators 11 1 and 11 2 are output to the adder 12 lr summed 
by the adder 12 lf and output to the AND circuit 18 5 . The signals 
PLLfreq3 and PLLfreq4 input to the comparators 11 3 and 11 4 are 



output to the adder 12 2 , summed by the adder 12 2 , and output to 
the AND circuit 18 6 . The signals PLLfreq5 and PLLfreq6 input to 
the comparators 11 5 and 11 6 are output to the adder 12 3 , summed 
by the adder 12 3 , and output to the AND circuit 18 7 . The signals 
5 PLLfreq7 and PLLfreq8 input to the comparators 11 7 and 11 8 are 
output to the adder 12 4 , summed by the adder 12 4 , and output to 
the AND circuit 18 8 . 

Consequently, if both the signals PLLfreql and PLLfreq2 are 
within the allowable frequency range, the sum of those is stored 
10 in the register 13 2 . If both the signals PLLfreq3 and PLLfreq4 
are within the allowable frequency range, the sum of those is 
stored in the register 13 4 . If both the signals PLLfreq5 and 
PLLfreq6 are within the allowable frequency range, the sum of 
those is stored in the register 13 6 . If both the signals PLLfreq7 
15 and PLLfreq8 are within the allowable frequency range, the sum 
of those is stored in the register 13 8 . 

The contents of the registers 13 1( 13 3 , 13 5 , and 13, are summed 
by the adder 21 in the input -channels -number determining circuit 
14. That sum is supplied as the control signals C0NT1 and C0NT2 
20 to the GAC generating circuit 15 and the AND circuit 22 3 . 

There are a total of four groups of signals PLLfreq each 
group of which includes two signals , that is ; the signals PLLfreql 
and PLLfreq2, the signals PLLfreq3 and PLLfreq4, the signals 
PLLfreq5 and PLLfreq6, and the signals PLLfreq7 and PLLf req8 . 
25 In the case where there are three groups wherein both signals 
PLLfreq are within the allowable frequency range, a high level 
signal is output from the AND circuit 22 3 . 
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Consequently, when there are zero, one, two, or four groups 
with both signals PLLfreq lying within the allowable frequency 
range, a high level signal is output from the inverter 24 to the 
OR circuits 23 1 and 23 2 from which a high level signal is output 
to the AND circuits 22 6 and 22 7 . Therefore, the sums of the adders 
12 5 and 12 6 are output from the AND circuits 22 5 and 22 7 to the 
GAC generating circuit 15* 

On the other hand, different results are obtained in the 
case where there are three groups wherein both signals PLLfreq 
are within the allowable frequency range. Specifically, when 
all of the signals PLLfreql through PLLfreq4 are within the 
allowable range, a high level signal is output from the AND 
circuit 22 x to the AND circuit 22 4 which in turn outputs a high 
level signal to the OR circuit 23 2 , whereas the sum from the adder 
12 5 is output through the AND circuit 22 6 to the GAC generating 
circuit 15. Further, when all of the signals PLLfreqB through 
PLLfreq8 are within the allowable range, a high level signal is 
output from the AND circuit 22 2 to the AND circuit 22 5 which in 
turn outputs a high level signal to the OR circuit 23 2 , whereas 
the sum from the adder 12 6 is output through the AND circuit 22 7 
to the GAC generating circuit 15. In other words, in the case 
where there are three groups wherein both signals PLLfreq are 
within the allowable frequency range, only the value of the sum 
of two groups of four signals PLLfreq (i.e., the signals 
PLLfreql~PLLfreq4 and the signals PLLfreqB ~PLLfreq8) not 
including signals PLLfreq outside the allowable frequency range 
is supplied to the GAC generating circuit 15. 
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The GAC generating circuit 15 adds the sum from the AND 
circuits 22 6 and 22 7 and generates the signal GAC by dividing the 
sum according to the value of the signals C0NT1 and C0NT2 from 
the adder 21 for storing in the register 26. 

In other words, as shown in Table 1 below, when there are 
four groups wherein both signals PLLf req lie within the allowable 
frequency range, all signals PLLf reql-PLLf req8 are summed, and 
the resulting sum is divided by eight to provide the signal GAC. 
When there are three groups wherein both signals PLLfreq lie 
within the allowable frequency range, four signals PLLfreq are 
summed, and the resulting sum is divided by four to provide the 
signal GAC . When there are two groups wherein both signals PLLfreq 
lie within the allowable frequency range, four signals PLLfreq 
are summed, and the resulting sum is divided by four to provide 
the signal GAC. When there is one group wherein both signals 
PLLfreq lie within the allowable frequency range, two signals 
PLLfreq are summed, and the resulting sum is divided by two to 
provide the signal GAC. When there are no groups wherein both 
signals PLLfreq lie within the allowable frequency range, the 
resulting sum is zero, so that the quotient will be the same 
regardless of the divisor. In this case, however, since each 
of the signals C0NT1 and C0NT2 is the same as in the case where 
there are four groups with both signals laying within the 
allowable frequency range, the sum will be divided by eight to 
provide the signal GAC. 



18 



TABLE 1 



Number of Groups without Error 


4 


3 


2 


1 


0 


C0NT1 


0 


1 


1 


0 


0 


CONT2 


0 


1 


0 


1 


0 


Divisor 


8 


4 


4 


2 


8 



Such a process for dividing the signals PLLf reql-PLLf req8 
into four groups of two is advantageous for simplifying the 
circuit arrangement . 

As a result of this simplification of the circuit 
arrangement, the signal GAC becomes zero in the case where one 
of the signals PLLfreq in every group is outside the allowable 
frequency range, for example. The signal GAC of 0 means that the 
average frequency is equal to the frequency of the standard clock 
signals 1XCL0CK. The values of the setting data supplied from 
the register file 6 to the frequency error value setting circuit 
16 are determined appropriately so that the remaining normal 
signals PLLfreq do not fall outside the allowable frequency range 
in this case as well. 

The signal GAC obtained in this way is fed back to the 
frequency error value setting circuit 16 and the BSADPLL circuits 
2 1 ~2 8 , while also being supplied to the tape speed variation 
detecting circuit contained in the GAC circuit 4. 

In the case where the signals PLLf reql-PLLf req8 are outside 
the allowable frequency range, low level frequency error signals 
PLLERRl - PLLERR8 are output from the comparators ll^llg via the 
gate circuit 17. 
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As shown in Figure 3, when the reading position of each read 
head reaches the burst zone of the magnetic tape 31, the signal 
TMSNS of each channel supplied from outside the digital phase 
locked loop circuit becomes high. On the basis of this signal 
TMSNS, the signals SGLOBAL and PHOK for each channel are generated 
within that digital phase locked loop circuit. The signal SGLOBAL 
rises after a 2-bit cell from the rise of the signal TMSNS. The 
signal PHOK rises after a 40-bit cell from the rise of the signal 
TMSNS . 

When the signal TMSNS rises, the signal GAC held in the 
register 26 of the GAC generating circuit 15 is taken out by the 
BSADPLL circuits 2 1 ~2 8 which then oscillate at the frequency 
determined by the signal GAC. During the period of the 40-bit 
cell before the signal PHOK rises, the BSADPLL circuits 2 L ~2 8 
perform synchronition of the signal PKPLS in the lead-in mode. 
When the signal PHOK rises, the BSADPLL circuits 2 1 -2 8 switch to 
the tracking mode and perform synchronous tracking. 

When the frequency of the signal PKPLS of any channel becomes 
abnormal due for example to drop out after synchronization is 
complete, the frequency error signal PLLERR of that channel 
becomes low. The frequency error signal PLLERR is inverted and 
latched within the digital phase locked loop circuit and output 
therefrom as the frequency error signal DEADPLL. Accordingly, 
when the reading position of the read head reaches the 
resynchronization burst zone of the magnetic tape 31, the signal 
TMSNS supplied from outside the digital phase locked loop circuit 
is reset and becomes low, and rises after an 8-bit cell. 
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Consequently, the same operation is repeated for a relevant 
channel as performed when the read position of the read head 
matches the burst zone of the magnetic tape 31, so that the BSADPLL 
circuits synchronize the signal PKPLS in the lead-in mode. In 
5 the lead-in mode, the normal state is promptly recovered because 
the tracking gain is higher than in the tracking mode. The 
frequency error signal DEADPLL is reset when the signal TMSNS 
is reset. 

In this way, a shift from the synchronization state can be 
10 detected immediately for each channel because the frequency 
error signals PLLERR1-8 are output from the comparators ll^llg 
for each channel. 

Further, it is possible to accurately determine the average 
frequency because erring channels are excluded from the 
15 calculation of the signal GAC . 

Further, the digital phase locked loop circuit can respond 
flexibly to various changes of specifications because the 
allowable frequency range can be altered freely by changing the 
set values in the registers of the register file 6 supplied to 
20 the frequency error value setting circuit 16. 

The frequency error signals PLLERR1-8 are not output except 
during the tracking mode, because the signals PH0K1-8 are 
supplied to the gate circuit 17 for gating the frequency error 
signals PLLERR1—8 . 
25 Because the signal based on the signals PHOK1-8 is supplied 

from the OR circuit 19 to the register 2 6 of the GAC generating 
circuit 15, synchronization can be performed promptly using the 
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signal GAC held in the register 26 when the read position of the 
read head matches the burst zone of the magnetic tape 31. 

As shown in Figure 4, the tape speed variation detecting 
circuit 40 incorporated in the GAC circuit 4 includes a counter 
5 41, adders 42 and 43, registers 44 through 47, dividers 48 and 
49, a subtracter 50, a register 51, a comparator 52, a register 
53, an inverter 54, an OR circuit 55, and an inverter 56. 

The counter 41 divides the input clock signals by 128. 
Specifically, for each count of 64 input clock signals , the signal 
10 output to the registers 44 and 47 and the inverter 54 is inverted 
alternatly between high level and low level . Further, the counter 
41 divides the input clock signals by 64 . Specifically, the signal 
output to the register 51 is inverted alternately between high 
level and low level for each count of 32 input clock signals. 
15 The adder 42 adds the signal GAC from the register 2 6 in 

the GAC generating circuit 15 to the output from the register 
44, and supplies the sum to the register 44. 

The adder 43 adds the signal GAC from the register 26 in 
the GAC generating circuit 15 to the output from the register 
20 45, and supplies the sum to the register 45. 

The register 44 operates in synchronization with clock 
signals input to the counter 41. The register 44 takes out the 
stored sum from the adder 42 for output to the register 4 6 and 
adder 42 when the signal supplied from the counter 41 to the reset 
25 terminal is low. 

The register 45 operates in synchronization with clock 
signals input to the counter 41. The register 45 takes out the 
stored sum from the adder 43 for output to the register 47 and 
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adder 43 when the signal supplied from the inverter 54 to the 
reset terminal is low. 

The register 46 operates in synchronization with clock 
signals input to the counter 41. When the signal supplied from 
5 the inverter 54 to the enable terminal is high, the register 46 
takes out the stored sum from the register 44 for output to the 
divider 48. 

The register 47 operates in synchronization with clock 
signals input to the counter 41. When the signal supplied from 
10 the counter 41 to the enable terminal is high, the register 47 
takes out the stored sum from the register 45 for output to the 
divider 49. 

The divider 48 divides the stored sum from the register 46 
by 64 for output of the quotient to the subtracter 50. 



m 

f sw 15 The divider 49 divides the stored sum from the register 47 



by 64 for output of the quotient to the subtracter 50. 

The subtracter 50 calculates the difference between the 

output from the divider 48 and the output from the divider 49 

for feeding the resulting difference to the register 51. 
20 The register 51 synchronizes in operation with the signals 

input from the counter 41 to the clock signal input terminal. 

It takes out the calculated difference from the subtracter 50 

for output to the comparator 52 . 

The comparator 52 compares the difference from the register 
25 51 with the set value from the register file 6 for output of a 

high level signal to the register 53 if the difference from the 

register 51 is within the allowable range according to the set 

value from the register file 6. 
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The register 53 synchronizes in operation with the standard 
clock signals 1XCL0CK. It takes out the signal from the 
comparator 52 for output of that signal as the speed error signal 
SPCHNG . 

The inverter 54 inverts the signal from the counter 41 for 
output to the registers 45 and 46. 

The OR circuit 55 outputs a low level signal to the inverter 
56 when all of the signals PH0K1-PH0K8 are low. 

The inverter 56 inverts the signal from the OR circuit 55 
for output of that signal as the reset signal to each circuit 
in the tape speed variation detecting circuit 40. 

When all of the signals PHOK1-PHOK8 are low, the output of 
the OR circuit 55 turns to low level while the output of the 
inverter 56 turns to high level for output of a reset signal which 
is used to reset each circuit of the tape speed variation 
detecting circuit 40. In other words, the tape speed variation 
detecting circuit 40 operates only when one or more channels is 
in the tracking mode, as is clear from Figure 3. 

One of the following signals is input to the counter 41: 
standard clock signals 1XCLOCK, clock signals 1/2XCLOCK obtained 
by dividing the standard clock signals 1XCLOCK by two, clock 
signals 1/4XCLOCK obtained by dividing the standard clock 
signals 1XCLOCK by four, clock signal 1 / 8XCLOCK obtained by 
dividing the standard clock signals 1XCLOCK by 8. The set value 
in a selected register of the register file 6 determines which 
clock signals are input. 

Assuming now that the standard clock signals 1XCLOCK are 
input to the counter 41, the output of the counter 41 becomes 
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low for a duration of 64 cycles of the standard clock signals 
1XCL0CK. This causes the register 44 to be in an unreset state, 
the register 45 to be in a reset state, the register 46 to be 
in an enabled state, and the register 47 to be in a disabled state, 
5 As a result, the signals GAC are cumlatively input to the adder 
42 for summing every cycle of the standard clock signals 1XCL0CK 
and for storing the resulting sum in the register 46. The sum 
stored in the register 46 is divided by 64 in the divider 48, 
and the resulting quotient is output to the subtracter 50. 
10 Upon lapse of a period of 64 cycles of the standard clock 

Q signals 1XCLOCK, the output of the counter 41 is inverted for 

Eg causing the register 44 to be in a reset state, the register 45 

\J to be in an unreset state, the register 46 to be in a disabled 

fyl state, and the register 47 to be in an enabled state. This state 

* 15 continues for 64 cycles of the standard clock signals 1XCLOCK. 
fp As a result, the average frequency signal GAC is cumulatively 

n '\ 

ii y- 

p input to the adder 43 for summing ever cycle of the standard clock 

signals 1XCL0CK and and for storing the resulting sum in the 
register 47* The sum stored in the register 47 is divided by 64 

20 in the divider 49 and the result is output to the subtracter 50. 
The output of the subtracter 50 is stored in the register 51 every 
64 cycles of the standard clock signals 1XCL0CK. 

Consequently, the register 51 stores the difference between 
the average of 64 GAC signals in a period of 64 cycles of the 

25 standard clock signals 1XCL0CK and the average of 64 GAC signals 
in the next period of 64 cycles of the standard clock signals 
1XCLOCK. The comparator 52 compares this difference with the 
standard value from a prescribed register of the register file 
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6. If the difference exceeds the standard value, a high level 
signal is output from the comparator 52. This high level signal 
is stored in the register 53 and is output as a speed error signal 
SPCHNG. 

The same operations are repeated at every 64 cycles of the 
standard clock signals 1XCL0CK. 

As discussed above, in the case where the standard clock 
signals 1XCL0CK are input to the counter 41, a GAC signal is taken 
out every cycle of the standard clock signals 1XCL0CK as shown 
in Figure 5 A, and the difference between the average of 64 GAC 
signals and the average of the subsequent 64 GAC signals is 
compared with a standard value. Thus, variations of the average 
frequency signal GAC are monitored every 64 cycles of the standard 
clock signals 1XCL0CK. 

In the case where the clock signals 1/2XCL0CK obtained by 
dividing the standard clock signals 1XCL0CK by two are input to 
the counter 41, a GAC signal is taken out every two cycles of 
the standard clock signals 1XCL0CK as shown in Figure 5B, and 
the difference between the average of 64 GAC signals and the 
average of the subsequent 64 GAC signals is compared with a 
standard value . Thus, variations of the average frequency signal 
GAC are monitored every 128 cycles of the standard clock signals 
1XCL0CK . 

In the case where the clock signals 1/4XCL0CK obtained by 
dividing the standard clock signals 1XCL0CK by four are input 
to the counter 41, a GAC signal is taken out every four cycles 
of the standard clock signal 1XCL0CK as shown in Figure 5C, and 
the difference between the average of 64 GAC signals and the 
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average of the subsequent 64 GAC signals is compared with a 
standard value. Thus, variations of the average frequency signal 
GAC are monitored every 2 56 cycles of the standard clock signal 
1XCL0CK. 

In the case where the clock signals 1/8XCL0CK obtained by 
dividing the standard clock signals 1XCL0CK by eight are input 
to the counter 41, a GAC signal is taken out every eight cycles 
of the standard clock signals 1XCL0CK as shown in Figure 5D and 
the difference between the average of 64 GAC signals and the 
average of the subsequent 64 GAC signals is compared with a 
standard value . Thus, variations of the average frequency signal 
GAC are monitored every 512 cycles of the standard clock signal 
1XCL0CK . 

In this way, the time interval for monitoring variations 
of the average frequency signal GAC can be changed freely by 
switching the frequency of the clock signals XCLOCK supplied to 
the counter 41. 

The speed error signal SPCHNG supplied from the register 
53 of the tape speed variation detecting circuit 40 is output 
outside of the digital phase locked loop circuit. Variations of 
the average frequency signal GAC correspond to variations in the 
traveling speed of the magnetic tape 31. When the variations of 
the average frequency signal GAC is outside the allowable range, 
this indicates that the variations in the traveling speed of the 
magnetic tape 31 exceed the allowable range. 

When the speed error signal SPCHNG turns to high level by 
a so-called read-back check, a so-called retry operation is 
performed wherein writing onto the magnetic tape 31 is 
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temporarily suspended and the magnetic tape 31 is rewound for 
rewriting the same data. In the read-back check, the standard 
value supplied to the comparator 52 in the tape speed variation 
detecting circuit 40 is a very strict value compared to that 
5 supplied for normal reading. This is because, during normal 
reading, the traveling speed of the magnetic tape 31 may vary 
oppositely to writing, so that strict control over the allowable 
value of the variation in the traveling speed of the magnetic 
tape 31 during writing ensures reliable reading during normal 
10 reading. 

in 
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CLAIMS 



1. A digital phase locked loop circuit for generating sampling 
clock signals used with respect to a plurality of channels for 
sampling reproduced information simultaneously from a plurality 
of tracks of a recording medium, comprising: 

an average frequency computing circuit for calculating an 
average frequency of the phase locked sampling clock signals in 
selected channels and feeding back the calculated average to the 
phase locked loop; 

wherein the average frequency computing circuit outputs a 
frequency error signal with respect to any channel in which the 
frequency of the sampling clock signals is outside an allowable 
frequency range. 

2. The digital phase locked loop circuit according to Claim 1, 
wherein the average frequency computing circuit comprises a 
comparator for comparing the frequency of the sampling clock 
signals in each channel with the allowable frequency range and 
for outputting a frequency error signal for any channel in which 
the frequency of the sampling clock signals is outside an 
allowable frequency range. 

3. The digital phase locked loop circuit according to Claim 2, 
wherein the average frequency computing circuit calculates the 
average frequency of the sampling clock signals in the selected 
channels which do not include those channels in which the 
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frequency of the sampling clock signals is outside the allowable 
frequency range . 



4. The digital phase locked loop circuit according to Claim 2, 
5 further comprising: 

a register for adjustably setting a value representative 
of an allowable deviation, 

wherein the allowable frequency range is determined on the 
basis of the average frequency calculated by the average 
10 frequency computing circuit and the set value from the register. 

5? 5. The digital phase locked loop circuit according to Claim 2, 

Sjj further comprising a gate circuit for masking the frequency error 

signal in an operational mode other than a tracking mode. 

f 15 

^ 6. The digital phase locked loop circuit, according to Claim 2, 

m ... 

*j? t wherein the average frequency computing circuit divides the 

.8KSS, 

M plurality of channels into a plurality of groups each of which 

includes at least two channels, the frequencies of the sampling 
20 clock signals for the plurality of channels being summed 
repetitively and cumulatively group by group for calculating the 
average f renquency . 

7. The digital phase locked loop circuit according to Claim 2, 
25 wherein the average frequency computing circuit is reset in a 
calibration mode for performing calibration of the frequencies 
to be phase locked. 
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8. The digital phase locked loop circuit according to Claim 2, 
wherein the average frequency computing circuit includes a 
holding circuit for holding the average frequency which has been 
obtained immediately previously when all of the channels are in 

5 an operational mode other than a tracking mode. 

9. The digital phase locked loop circuit according to Claim 2, 
wherein when the average frequency computing circuit outputs a 
frequency error signal for any channel, resynchronization of the 

10 sampling clock signals is performed only for the erring channel. 

MS 10. The digital phase locked loop circuit according to Claim 9, 

yt wherein the resynchronization of the sampling clock signals is 

W i performed at high speed in a lead-in mode by using the average 

III 15 frequency calculated by the average frequency computing circuit. 

,881!!), 

'Its 

f!j 11. A digital phase locked loop circuit for generating sampling 

Q clock signals used with respect to a plurality of channels for 

sampling reproduced information simultaneously from a plurality 
20 of tracks of a recording medium, comprising: 

an average frequency computing circuit for calculating an 
average frequency of the phase locked sampling clock signals in 
selected channels and feeding back the calculated average to the 
phase locked loop; 
25 wherein the average frequency computing circuit comprises 

a speed variation detecting circuit for determining a rate of 
variation of the average frequency in a predetermined time. 
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12. The digital phase locked loop circuit according to Claim 11, 
wherein the rate variation detecting circuit includes a 
comparator for comparing a variation width, in the predetermined 
time, of the average frequency determined by the average 
frequency computing circuit with an allowable variation range 
and for outputting a speed error signal if the variation width 
is outside the allowable variation range. 

13. The digital phase locked loop circuit according to Claim 11, 
wherein the speed variation detecting circuit is capable of 
adjustably setting the predetermined time. 
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ABSTRACT 



The digital phase locked loop circuit according to the 
invention includes a GAC circuit (4) for calculating the average 
frequency of the phase locked sampling clock signals in selected 
channels and for feeding back the calculated average to the phase 
locked loop. The GAC circuit (4) includes comparators (11 1 -11 8 ) 
for comparing the frequency of the sampling clock signals in each 
channel with an allowable frequency range and for outputting a 
frequency error signal with respect to any channel in which the 
frequency of the sampling clock signals is outside the allowable 
frequency range , 
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and belief are believed to be true; and further that these 
statements were made with the knowledge that willful false 
statements and the tike so made are punishable by fine or 
imprisonment, or both, under Section 1001 of Title 18 of the 
United States Code and that such willful false statements may 
jeopardize the validity of the application or any patent issued 
thereon. 
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Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under we Paoerwork Reduction Act of 1 995. no perse ns are required to reword to a collection of information unless it dtsoiays a vaiid OMB control numoer. 

i , . — 

Japanese Language Declaration 

( 5 ^f&jEli^) 



POWER OF ATTORNEY: As a named (nventor. I hereby appoint 
the following attorneys) and/or agent(s) to prosecute this 
application and transact alt business in the Patent and Trademark 
Office connected therewith (list name and registration number) 



And i hereby appoint as principal attorneys: David T. Nikaido, Reg. No. 22 663' 
y / Charles M. Marmelstein, Reg. N025JJ95; George E. Oram, Jr., Reg. RbT^~^ 
\kD JLaaURobert B. Murray, Reg. NaJpSfj; E. Marcie Emas, Reg, No. 32,131- 
\ Dougias H. Goidhush, Reg. No..J§2|Wnica Chin Kitts, Reg. No. 36"W^ 
Richard J. Berman, Reg. No. 39,107; King L Wong, Reg. No. %7m£lm£&h 
Poulos, 111, Reg. No. 31,714; PltriSkg. Muir, Reg. No. 37,403; S h^rTN. 
Kiesner, Reg. No . 36,335; Murat Ozgu, Reg. No. 44,275; Bradley D Goldizen 
Reg. No. 43,637 L and N, Alexander Notte, Req. No. 45.689. 



SSSSii^/c : ( 4fFft U f ^a5#-9') Please direct all communications to the following address* 

JfiBfLFOXjg NTNER PLQTKlN &KAjjj. PLLC 

Washingtr^^ - 
p Telephone No. (202) 357-6000; Facsimile No. (202) 638-4810 







^ 


Full name of sole or first inventor 

Akira Nanba 








inventors signature /) v « Date May 25, 
Afo .^Tk.^ 2001 


asp. 






■ r ^;,nce c/o FUJITSU PERIPHERALS LIMITED 
jJyogo, Japan ^^P^ 








Crtcensnip 

Japan 


; '' r '\ 






Post Office Address c/o FUJITSU PERIPHERALS LIMITED 
35 Saho, Yashiro-cho, Kato-gun, 








Hyogo 673-1447 Japan 






> 


Full name of second joint inventor, tf any 

Kenichi Ogura 




aft 




Second inventor's signature f Oate, May 25, 

%fuJ;. fitoAS. 2001 








Residence c/o FUJITSU LIMITED 
Kawasaki, Japan ~~YPX^ 


Bfl Citizenship 

Japan 








Post Office Address c/o FUJITSU LIMITED 
1-1, Kamikodanaka 4-chome, 


Nakahara-ku f Kawasaki , Japan 



(¥i^.yA^<D1^^^^]^^Z^D^^X ui5fiffCi£aiL. £3» (Supply simitar information and signature for third and subsequent 

^ w ) joint inventors,) 
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NMMO 02/01/00 





#45 






Foil name of third joint inventor, if any 

Manabu Qqino 






an 




Third inventor's signature Date May 25, 

M*ntfbu Game 2001 


mm 








Residence c/o FUJITSU PERIPHERALS LIMITED 
ttyoqoz Japan *TJTX 


Bill Citizenship 

Japan 










Post Office Address c/o FUJITSU PERIPHERALS LIMITED 
35 Saho, Yashiro-cho, Kato-gun, 


Hyogo 673-1447 Japan 


mw&mm 








Full name of fourth joint inventor, if any 










Fourth inventor's signature Date 


■as;:;, 








Residence 


Sllf Citizenship 

IB 










Post Office Address 




Q 

-pj 








Full name of fifth joint inventor, if any 


M 




an 




Fifth inventor's signature Date 


HI3t Residence 


ES3§ Citizenship 










Post Office Address 












Full name of sixth joint inventor, if any 










Sixth inventor's signature Date 










Residence 


Citizenship 


.ft** 








Past Office Address 
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Full name of seventh joint inventor, if any 







Seventh inventor's signature 


Date 


mm 




Residence 




glU Citizenship 






Post Office Address 










Full name of eighth joint inventor, if any 






Btt 


Eighth inventor's signature 


Date 






Residence 




3@|f Citizenship 






Post Office Address 










Full name of ninth joint inventor, if any 




Si 


Btt 


Ninth inventor's signature 


Date 


fJlf 




Residence 








Citizenship 








Post Office Address 










Full name of tenth joint inventor, if any 






Btt 


Tenth inventor's signature 


Date 






Residence 




23 J§ Citizenship 






Post Office Address 
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